Transglutaminases (TGase) are a family of Ca 2+ -dependent enzymes that catalyse the post-translational modification of proteins at the level of lysine and glutamine residues. Indeed, these enzymes promote the formation of stable protein polymers and/or the covalent incorporation of polyamines into proteins. 1 ± 3 At least seven distinct types of transglutaminase have now been identified in mammals: TGase 1 (or TG K), TGase 2 (or TG C, or tTG), TGase 3 (or TG E), TGase X, coagulation factor XIII, band 4.2, and prostate TGase. Several important pathologies are associated with deficiency in transglutaminase gene products indicating the relevant biological function of these enzymes. 4 The focus of this letter will be on one member of this gene family, the`tissue' transglutaminase (tTG; E.C. 2.3.2.13) or type-II transglutaminase or transglutaminase C. This enzyme, in mammals, has a molecular weight of about 80 kDa and is constitutively expressed in endothelial, mesangial and smooth muscle cells in adult tissues. 5, 6 tTGcatalysed protein crosslinking has been suggested to be involved in different biological processes and to have also acquired additional functions in cell adhesion and as a Gprotein in signalling. 7 tTG is involved in programmed cell death where its activation results in the formation of large insoluble cellular protein polymers, which, by preventing macromolecular leakage from the dying cell, contributes to limitation of the inflammatory response. 6, 8 A large group of neurodegenerative diseases have been characterised by the abnormal accumulation of intracellular crosslinked protein deposits, which contribute to the pathogenesis of these diseases; the protein deposits may in part result from inappropriate activation of tTG. Example of these pathologies are Huntington's and Alzheimer's diseases. 9 These diseases show many similarities with the liver damage occurring in various forms of hepatitis characterised by the formation of both intracellular and extracellular stable protein aggregates, such as the Mallory bodies in alcoholic hepatitis. 10 We have previously demonstrated that in fibrotic hepatic diseases, such as in Budd ± Chiari, the high apoptotic rate is associated with tTG overexpression by hepatocytes and with an abnormal release of the enzyme into the extracellular matrix (ECM). tTG-mediated crosslinks has been hypothesised to play an important role in fibrotic diseases such as pulmonary fibrosis, renal interstitial fibrosis, parasitic liver fibrosis and liver cirrhosis. 12 ± 14 The tTG enzymatic reaction contributes to these pathologies by increasing the resistance of the deposited extracellular matrix to breakdown.
Fibrogenesis is a dynamic process leading to the accumulation of matrix protein in the extracellular space.
The fibrosis is considered as a programmed response to injury and is dynamic and reversible; when the ECM deposition becomes chronic and the hepatic regeneration is not efficient, the final hepatic cirrhosis is unavoidable. 15 tTG has been suggested to play a role in the ECM organization in both normal and pathological conditions. A number of ECM components, such as collagens, fibronectin, fibrinogen, laminin, nidogen and transforming growth factor-a1 (TGF-a1) act as tTG substrates.
12,16 ± 18 In addition, several inflammatory mediators, including TNF-a, TGF-b, IL-1b, IL-6, involved in the fibrotic process and in apoptosis induction are known to regulate tTG expression in various biological settings. 4, 12 Fibrotic tissue accumulation is a severe complication in many chronic infections. One of the most important etiological agents of a significant number of liver diseases including chronic hepatitis, liver cirrhosis and hepatocellular carcinoma is the hepatitis C virus (HCV), discovered in 1989. 19 In order to get further information on the involvement of tTG in fibrogenesis, we have analysed tTG expression in liver biopsies of a large number of HCV-infected patients followed at INMI, IRCCS Lazzaro Spallanzani. We studied a pool of 60 patients, aged between 18 and 60, representative of the various stages of the liver pathology, and of the different HCV genotypes. It is interesting to note that tTG expression correlated with the progression of liver disease. The enzyme was preferentially localized in the hepatic parenchyma bordering the portal tracts during the initial stages of hepatic histological alterations, while tTG was preferentially detected in ECM when fibrogenesis became the prominent phenomenon. A statistically significant correlation was found between tTG expression and the different stages of periportal necrosis evaluated using METAVIR score system (P=0.04) ( Figure 1A) . A strong statistically significant relationship was also found between the amount of tTG in the liver and the stage of fibrosis (P=0.005) ( Figure 1B) .
Fibrogenesis is a process regulated by different cellular and molecular mechanisms and increasing evidence indicates an important role of tTG in generating and remodelling the ECM. The high amount of the enzyme detected during the initial stage of the disease may act as a liver repair response to limit the inflammation; in fact, fibrogenesis can be seen as a protective phenomenon against inflammatory cell invasion. In later stages, when the ECM deposition is massive, the fibrotic tissue becomes prominent and the liver infection resolves in cirrhosis; in this case, tTG cross-linking might contribute to the stabilisation of the fibrosis acting as a pathogenetic event.
In conclusion, tTG plays an important role during hepatic fibrogenesis not only related to hepatitis C infection but in many fibrogenetic pathologies. The strict correlation we observed between the tTG expression and the disease progression might imply that the enzyme expression can be utilised as a marker to monitor the evolution of the fibrotic process. Finally, the demonstration of a possible role of tTG in the activation of latent TGF-b, 20 a major factor stimulating matrix synthesis, suggests that the enzyme may play a central role in regulation of these processes. Figure 1 Comparison between tTG-positive hepatocytes and liver morphological index of METAVIR piecemeal necrosis score (PN) (A) and fibrosis score (F) (B) in HCV infected patients. Sixty liver specimens with different histological index of periportal infiltrate have been examined. Each section was semiquantitatively evaluated under code by three independent observers using a light microscope without knowledge of either clinical or histological diagnosis. The degree of enzyme expression on each specimen, detected by immunohistochemistry, 21 was expressed as arbitrary units comprised between 0 and 3 as follows: 0 negative staining; 1 weak positive staining; 2 positive staining; 3 strong positive staining. Continuous variables were expressed as mean ± standard deviation (7SD) or as median (range), as appropriate. The Kruskal ± Wallis test for non parametric data was used to compare medians; and the Pearson's was used to evaluate correlations. Statistical significance was set at P40.05. The statistical analysis was performed by SPSS 10.0 for Windows (SPSS Inc. Chicago, IL, USA). Statistical analysis demonstrates a significant distribution of tTG in relation to the different stages of piecemeal necrosis (P=0.04) (A), and in relation to the fibrosis stages (P=0.005) (B)
